Collective flow is studied in a 3+1D fluid dynamical model with globally symmetric, peripheral initial conditions, taking into account the shear flow. At √ NN = 2 76 TeV in semi-peripheral Pb+Pb collisions this leads to rotation, while at more peripheral collisions with high resolution and low numerical viscosity, the initial development of a Kelvin-Helmholz instability is observed. This effect provides a precision tool for studying the viscosity of Quark-Gluon Plasma.
Collective flow of global symmetry
At the LHC strong collective flow has been measured and azimuthal asymmetry was determined from 1 to 8 . In central collisions fluctuations dominate arising from fluctuating initial configurations, and the most dominant flow harmonic is 3 . In peripheral collisions, on the other hand, the initial asymmetry is still dominated by the almond * E-mail: csernai@ift.uib.no shape of the participant matter. This results in a strong elliptic flow. The directed flow measured in the ALICE TPC [1] appeared to be weak and dominated by random fluctuations. These 1 ( ) data gave the same rapidity-even and rapidity-odd combination, while the global 1 asymmetry of the initial state at finite impact parameters is rapidity-odd, and the rapidity-even combination vanishes. This symmetry would have to remain the same after the fluid dynamical development originating from the initial state with the given global rapidity-odd symmetry. Random fluctuations, on the other hand do not have this symmetry. The measurement method did not separate 1 ( ) arising from different origins and the random fluctuations dominated the presented 1 ( ) data. In the meantime a new method was worked out [2] , where 1 ( ) is evaluated event-by-event in the center of mass frame of the participant system, and this way eliminating or decreasing longitudinal fluctuations, which strongly weaken the 1 ( ) from longitudinal fluctuations [3] . Preliminary tests suggest that the new method is able to identify 1 ( ) with the global, finite rapidity-odd, and vanishing rapidityeven combination. Computational Fluid Dynamics (CFD) 3 cell-volume and ∆ = 0 04233 fm/c time step. The position of the markers are given in cell number units. The center of the system in the reaction plane, in x-direction is indicated by the black line at cell number 48. Due to the finite impact parameter the initial state has a dominant angular momentum (discussed in ref. [3] ), which results in a clockwise rotation of the participant system. The markers, which were initially on the projectile side, ( > 4), are painted blue while on the target side red. After a time of 8.5 fm/c, (ncyc=200 timesteps) the development of the non-sinusoidal wave is seen as a result of the developing Kelvin-Helmholz instability and the overall expansion. The resolution of markers is 8 3 for initial, normal nuclear density fluid cells, but it is much higher for denser matter. This effect is discussed and analysed now in detail in ref. [4] .
predictions indicated a new directed flow structure: due to the large angular momentum of the initial state in peripheral collisions the antiflow peak observed at high SPS and RHIC energies is rotating forward, and 1 ( ) will peak at positive rapidities, i.e. on the same side where the projectile spectator residues arrive after the collision [3] . This happens because the initial angular momentum leads to a faster rotating initial system, and this rotation moves the dominant directed flow peak forward before the expansion from the pressure would slow down the rotation. The observation of this peak is not easy because of the beam directed fluctuations. Recently in a CFD model with the Particle in Cell (PIC) method, it was observed (see Figure 1 ) that in peripheral collisions with low viscosity (and low numerical viscosity) a Kelvin-Helmholtz (KH) instability starts to develop [4] which enhances the rotation effect. This effect depends on the initial state profile and on the viscosity. It appears only for small viscosity which indicates the critical point of the matter [5] , (i.e. the critical temperature and critical pressure of a first order transition) and it is a sensitive measure of viscosity and its minimum at the critical point.
Ous Multi Module Model approach describes high energy heavy ion collisions in the RHIC and LHC energy range. The initial state is described by either a globally symmetric configuration generated by a continuous YangMills flux-tube model [6, 7] or it could be generated by random molecular dynamics or cascade models, like PA-CIAE, which yield a set of fluctuating initial states. Then from the locally equilibrated state a Fluid Dynamical (FD) development starts assuming Quark-Gluon Plasma (QGP) during the whole FD development. We do not assume that the hadronization happens in chemical equilibrium as this would take too long time [8, 9] and would not allow for baryons of high strangeness. Thus we use the simplest bag model approach, which in the pure QGP domain, yields similar results to more detailed parametrizations fitted to lattice predictions [10] . In order to be able to hadronize rapidly we have to assume a fast, nonequilibrium hadronization and freeze out with either a Cooper-Frye based method with a local sudden change or a sudden transition to a parton and hadron cascade model, e.g. [11] , which can describe rapid hadronization without the assumption of chemical equilibration. The FD stage of this development is shown in Figure 2 , in the average temperature, T and baryon chemical potential, µ, plane.
Flow with fluctuating initial condition
Several papers have addressed the directed flow problem at RHIC energies [13, 14] . In these the initial state was not obtained from a dynamical model. The initial flow velocity distributions were taken to be longitudinal Bjorken scaling flow solutions, identical at each point of the transverse plane. The transverse mass distribution was obtained from the Glauber model, while the longitudinal distribution was parametrized. Both models gave a forward peaking directed 1 ( )-flow for RHIC energies, i.e. the 1 ( ) peak appeared on the same side of the reaction plane and at the same sign of the rapidity as the detected projectile spectators. At the same time the experiments observed anti-flow [15] , i.e. the peak appeared [12] is indicated by a full black line. The FD evolution is calculated well beyond this curve. This is possible as the relativistic CFD model describes supercooled QGP fluid also. The viscosity is minimal and only the numerical viscosity is considered in these calculations. These can be performed down to FAIR and NICA energies. These trajectories illustrate the trajectories of almost perfect fluid dynamical development at different beam energies, where some of these can propagate in the vicinity of the critical point. On the other hand, this model calculation does not include a phase transition, instead supercooling is assumed, and thus the trajectories are not modified around the critical point.
on the same side of the reaction plane as the projectile spectator, but on the opposite side of the rapidity axis. This difference arises from the differences in the initial conditions of the models. In ref. [14] this initial state was "tilted", and this could already reproduce the experimental anti-flow. Our FD simulations of the LHC heavy ion collisions suggest that collective directed 1 ( ) flow function can be measured 1 , although these are strongly suppressed due to initial state C M -fluctuations. In hydrodynamical calculations we see that the 1 Global flow can change the peak position to "forward" in contrast to what happened at lower energies. This is a result of our tilted initial state with shear flow [6, 7] , in which the angular momentum from the increasing beam momentum may supersede the expansion driven by the pressure. Fluid dynamical instabilities like the Kelvin-Helmholz instability may enhance this rotation effect, on the other hand the formation of this instability is sensitive and occurs only in peripheral collisions with low viscosity.
